1. Introduction During the course of a study on the seasonal variations of predominant phytoplankton and nutrient levels in Lake Biwa, the present author found an abundant accumulation of nitrate in the hypolimnion of the north (main) basin during the stagnation period (TEZUKA, 1984) . Such an accumulation of nitrate in the hypolimnion has also been reported far several lakes (PAERL et al., 1975; CHRISTOFI et al., 1981; VINCENT and DOWNES, 1981; HALL, 1982; TAKAHASHI et al., 1982) . According to these reports, the mechanisms by which it occurs are different in different lakes; for example, VINCENT and DOWNES (1981) ascribed it t0 the active nitrification in the bottom sediments and subsequent liberation of nitrate to the hypolimnion of Lake Taupo, a large oligotrophic lake in New Zealand, while TAKAZIASHI et al. (1982), who studied mesotrophic Lake Kizaki-ko in central Japan, demonstrated clearly that active nitrification occurred in the hypolimnion, not in the bottom sediments.
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In order to obtain clues to elucidate which of the above two mechanisms is important in Lake Biwa, the number of nitrifying bacteria in the water and sediments of the north basin was determined on the assumption that if an active nitrification occurs in the hypolimnion itself, then the number of nitrifying bacteria must be large in the hypolimnion during the period of nitrate accumulation. In addition, the concentrations of nitrate plus nitrite and ammonium in the water and bottom sediments were determined to presume the direction of diffusion of these chemicals between the sediments and overlying water.
Methods
Samplings of water and sediments were made at a pelagic site off Ohmimaiko of the north basin, where water depth was about 72 m. Numbers of nitrifying bacteria were counted three times, i.e., in April, June and August of 1982. Concentrations of nitrate plus nitrite and ammonium in the deepest layer (70 m) of the The Number of Nitrifying Bacteria in the North Basin of Lake Biwa water body and in the surface (0-2 cm) sediments were determined four times, i.e., in June, July, August and September of the same year. Water samples for the determination of nitrate plus nitrite and ammonium were collected with a Van Dorn sampler (3 l capacity). Filtrates through glass fiber filters (Whatman, GF/C ) were used for the determinations of nitrate plus nitrite and ammonium by the diphenylamine method (SAIJo, 1962) and the salicylate-hypochlorite method (BOWER and HoLM-HANSEN, 1982) , respectively. Water samples for counting nitrifying bacteria were collected with a sterilized J-Z sampler. Sediment samples were collected with an Ekman-Birge bottom sampler. Definite volumes of wet sediments were then collected with a cut syringe and subjected to the nitrifying bacteria count and to the extraction of nitrate plus nitrite and ammonium. For this reason, the number of nitrifying bacteria and concentrations of nitrate plus nitrite and ammonium were expressed as per ml or l of wet sediments. Nitrate and nitrite in the sediments were extracted three times with deionized water, since these forms of nitrogen are mostly water-soluble. Ammonium in the sediments was extracted three times with 10% KC1 solution, since the greater part of ammonium is usually adsorbed to the sediments.
Nitrifying bacteria (ammonia-oxidizing and nitrite-oxidizing bacteria) were enumerated by the MPN method (KAWAI, 1969) . Three tubes were used for each dilution, and inoculated tubes were incubated at 20°C for 55 days in the dark.
Results and Discussion
The numbers of nitrifying bacteria in the water and bottom sediments are shown in Table  1 , where it is evident that they were small (below one cell per ml) throughout the whole water body. Since the largest inoculum for counting nitrifying bacteria in this study was one ml of lake water, the number of nitrifying bacteria smaller than one cell per ml could not be determined. In contrast with water, fairly large numbers of nitrifying bacteria were detected in the surface sediments, suggesting an active nitrification in the bottom sediments.
The concentrations of nitrate plus nitrite and ammonium in the deepest layer (70 m) of the water body and in the surface sediments are shown in Table 2 . It can be seen from this table that the concentrations of nitrate plus nitrite in the surface sediments were about two times higher than those in the deepest layer of the water body, and therefore nitrate plus nitrite would be diffused into the overlying water during the period of nitrate accumulation in the hypolimnion. In addition, although ammonium was not detected in the deepest layer of the water body (limit of detection, ca. 10µg N . l'I) , as already reported in the previous study (TEZUKA, 1984) , exceedingly high concentraitons of ammonium, the substrate for nitrification, were detected in the surface sediments. KAMIYAMA et al. (1977) found 14 to 48 mg ammonium nitrogen per kg wet surface (0-2 cm) sediments at the same study site of Lake Biwa. Thus, the Table 1 . The numbers of nitrifying bacteria in the north basin of Lake Biwa in 1982 (units are cells per ml of water or wet sediment).
* Surface sediment (0-2 cm) .
values of ammonium concentration obtained by the present study are roughly equivalent to those obtained by them.
On the basis of the data from the previous study (TEZUKA, 1984) , the amount of nitrate plus nitrite nitrogen accumulated per cm2 of the hypolimnion during the five months from June to November of 1981 is calculated as about 800 µg. On the other hand, KAMIYAMA et al. (1977) found an ammonium diffusion rate of 60 µg cm-2 year'. Thus, the increase in the amount of nitrate plus nitrite in the hypolimnion is far greater than the amount of ammonium liberated from the bottom sediments. These findings, together with the data on the number of nitrifying bacteria, suggest strongly that the major site of active nitrification in Lake Biwa must be bottom sediments, not the hypolimnion. JENKINS and KEMP (1984) found an active nitrification in estuarine sediments. Moreover, SEITZINGER et al. (1984) reported the net flux of nitrate plus nitrite out of the sediments in the Narragansett Bay. HALL (1982) and TAKAHASHI et al. (1982) independently found active nitrification in the hypolimnion of mesotrophic lakes, in spite of the low densities of nitrifying bacteria in the lakes they studied. Hence, the low density of nitrifying bacteria does not necessarily mean the low nitrification activity, because there exists the possibility that the MPN method cannot enumerate all living nitrifying bacteria (BELSER and MAYS, 1982) . According to the above investigators, a marked accumulation of ammonium was found prior to the nitrate accumulation in the hypolimnia they studied. In contrast, such an ammonium accumulation could not be found in Lake Taupo (VINCENT and DowNES, 1981) and in Lake Biwa (TEZUKA, 1984) . Moreover, the deepest layer of the hypolimnion of mesotrophic Lake Kizaki-ko was anoxic during the period of active nitrification in the hypolimnion (TAKAHASHI et al., 1982) . Under such conditions, needless to say, nitrification cannot take place in the bottom sediments. Accordingly, the occurrence of active nitrification in the hypolimnion or bottom sediments seems to depend on the degree of eutrophication in each lake.
In any case, it is essential to measure directly nitrification rates in situ for identifying the relative importance of hypolimnion and bottom sediments in the nitrification process occurring in Lake Biwa. 
